Introduction. The aim of the present study was to determine the closeness of agreement between a self-reported and an objective measure of physical activity in low back pain patients and healthy controls. Beyond, influencing factors on overestimation were identified. Methods. 27 low back pain patients and 53 healthy controls wore an accelerometer (objective measure) for seven consecutive days and answered a questionnaire on physical activity (self-report) over the same period of time. Differences between self-reported and objective data were tested by Wilcoxon test. Bland-Altman analysis was conducted for describing the closeness of agreement. Linear regression models were calculated to identify the influence of age, sex, and body mass index on the overestimation by self-report. Results. Participants overestimated self-reported moderate activity in average by 42 min/day ( = 0.003) and vigorous activity by 39 min/day ( < 0.001). Self-reported sedentary time was underestimated by 122 min/day ( < 0.001). No individual-related variables influenced the overestimation of physical activity. Low back pain patients were more likely to underestimate sedentary time compared to healthy controls. Discussion. In rehabilitation and health promotion, the applicationoriented measurement of physical activity remains a challenge. The present results contradict other studies that had identified an influence of age, sex, and body mass index on the overestimation of physical activity.
Introduction
Lack of physical activity is a primary contributor to many chronic diseases [1] [2] [3] and evidence on the positive effects of physical activity on health is proven [4] . As such, the importance of promoting physical activity is a major field in rehabilitation and health promotion and has created a need for precise, economic, and practicable tools for measuring the physical activity level of a person [5] .
Assessing physical activity is very complex due to several aspects. First, physical activity encompasses any bodily movement produced by skeletal muscles that requires energy expenditure and therefore is not related to sports only [6] . The increasingly recognized lifestyle physical activities especially in daily routine like workplace and leisure time activities or active mobility, respectively, are difficult to assess and hardly fully observable [7] . Second, the instruments applied, on the one hand, are supposed to show valid and reliable results and, on the other hand, need to be practicable to ensure compliance of the participants. The available instruments for measuring physical activity can be distinguished in three categories according to their precision and practicability [8, 9] : reference methods, objective measures, and subjective measures (see Figure 1) .
Reference methods, for example, direct observation and indirect calorimetry, are of high precision and high cost; self-report instruments (e.g., questionnaires, physical activity diaries) are considered to be practicable and low in cost but Higher practicability, lower cost Figure 1 : Measurement of physical activity (modified according to Müller et al. [8] and Beneke and Leithäuser [9] ).
rather imprecise. Between these extremes, objective measures like accelerometers or pedometers are appraised for medium precision and cost as well as medium practicability. While reference methods are mainly applied in basic research, objective instruments, especially accelerometers, are an accepted measurement tool in application-oriented studies. Nevertheless, the use of accelerometers still requires a high extent of participant cooperation and compliance. Besides, accelerometers often are too expensive to be widely used in physical activity studies [7] . In consequence, assessing physical activity by self-report questionnaire is of high relevance not only in surveys but also in application-oriented studies.
Several studies showed that self-reported physical activity tends to be overestimated compared to objective measure but, up to now, no clear trends of overestimation could be identified [10, 11] . Regarding sedentary time, studies showed a tendency for underestimation by self-report measures [12] [13] [14] . In this regard, low back pain patients seem to have even more problems estimating their physical activity levels than healthy controls [15] .
Besides the scientific perspective, the misperception of self-reported physical activity is an important aspect in the practice of rehabilitation and health promotion. Misperception, especially the overestimation of one's own physical activity, is described as a potential barrier of behavior change [16] . In consequence, the question arises regarding what factors are associated with the agreement of subjective and objective physical activity.
The present paper aims to explore the closeness of agreement of self-reported and objective physical activity (question 1) and explores influencing factors on the overestimation of moderate and vigorous physical activity (question 2) as well as influencing factors on the underestimation of sedentary time (question 3).
Material and Methods
The present study was an additional substudy within the scope of two different main studies on physical activity promotion. In brief, both studies, the Movement Coaching study and the Make Move study, aimed at target-group specific physical activity promotion. While the main study of Movement Coaching (October 2012 to September 2015) focused on persons undergoing rehabilitation because of low back pain, the main study of Make Move focused on healthy vocational students (September 2013 to December 2014).
The Movement Coaching study and the Make Move study were conducted in compliance with the Helsinki Declaration and were approved by the Ethics Committee of the German Sport University Cologne, each.
Movement Coaching is registered in the German Clinical Trials Register (DRKS00004878) and the study protocol has already been described elsewhere [17] . For further information on Make Move, see Frick et al. [18] .
Sample.
For the present evaluation, participants were recruited from the two different main studies (Movement Coaching and Make Move). Eligible participants from each study were invited to participate in our associated additional study on the association of self-reported and objective physical activity. During an information seminar, we informed the participants that we investigated the physical activity behavior during daily routine.
Inclusion criteria were (1) being a participant of the Movement Coaching or the Make Move study, (2) distance to the study site in Cologne, Germany, <100 km, and (3) inpatient rehabilitation being completed (for participants from the Movement Coaching study).
Exclusion criteria were (1) limited mobility, (2) posttraumatic conditions within the last three months (e.g., an accident), (3) a surgery within the last three months, (4) age over 65 years, and (5) insufficient knowledge of the German language.
All participants provided informed consent. For the present evaluation, participants' data were collected in May and June 2014 (Movement Coaching) and from September to October 2013 (Make Move), respectively.
Study
Design. The present study was conducted in a cross-sectional design. During the information seminar, the participants were instructed to wear an accelerometer for the next seven days and to complete a questionnaire on physical activity during the last week at the last day (seventh day). Participants were instructed to remove accelerometers for sleeping time and water activities only. All participants were indicated to continue their habitual daily routine.
Instruments Measuring
Physical Activity. Self-reported physical activity was operationalized by the Global Physical Activity Questionnaire (GPAQ) [19, 20] , which collects information on the intensity (moderate, vigorous) and the area of life (workplace, leisure time, and transportation) of physical activity during the last seven days as well as daily sedentary time. The GPAQ was originally designed to assess physical activity by interview but the comparability between self-and interviewer-administration modes of the GPAQ had been shown [21] . Compared with accelerometer data, the GPAQ provided low-to-moderate validity and generally acceptable evidence of reliability [22] . In comparison with the International Physical Activity Questionnaire, concurrent validity and reliability were moderate [20] .
We evaluated self-reported minutes per week of total vigorous physical activity, minutes per week of total moderate physical activity, and sedentary time per day.
To obtain objective physical activity, a triaxial accelerometer (Actigraph GT3X+) was applied. Actigraph had been previously validated for adults against heart rate telemetry ( = 0.66-0.82) [23] , indirect calorimetry ( = 0.66-0.88) [23, 24] , and the doubly labeled water method ( = 0.26-0.58) [25] . Participants were instructed to wear the accelerometer on the right waist during waking hours for one week, removing them whilst showering, bathing, and swimming. Data were collected with a sample rate of 30 Hz and saved in 30-second epochs.
Before evaluation, the accelerometer data was processed using the Freedson and Troiano algorithms to obtain valid data on the duration and intensity of physical activity [26, 27] . According to the Freedson algorithm [26] , intensity cut-points were set at 0-99 counts per minute (CPM) for sedentary behavior, 100-1951 CPM for light intensity, 1952-5724 CPM for moderate intensity, and >5725 CPM for vigorous intensity. Days with less than ten hours of recorded data were excluded from further evaluation.
For each participant, daily averages were calculated to get comparable units of objective data (daily average = (time of intensity specific activity)/(number of days with valid data)) and self-reported data on moderate and vigorous physical activity (daily average = (time of intensity specific activity)/7).
Further Variables.
Besides self-reported and objective physical activity, the study group (healthy controls versus low back pain), sex (men versus women), age (years), and body mass index (kg/m 2 ) were assessed. Furthermore, we assessed the objective physical activity status (active versus inactive). To differentiate active from physically inactive participants, objective accelerometer data were classified: according to the recommendations on health-enhancing physical activity [28] , we defined participants showing ≥30 min moderate and/or vigorous physical activity/day as "active" and participants showing <30 min moderate and/or vigorous physical activity/day were defined as "inactive."
Statistical Analysis.
First, descriptive statistics (means, standard deviations, numbers, and percentages) were used to describe demographic characteristics and participants' objective and self-reported physical activity data. Differences between groups (healthy controls versus low back pain) were tested using Mann-Whitney test and differences between self-reported and objective physical activity data (Actigraph versus GPAQ) were tested using the Wilcoxon signed-rank test.
The closeness of agreement between the two methods (question 1) was assessed using Bland-Altman plots [29] , with the -axis representing Actigraph data and the -axis representing the difference between GPAQ and Actigraph (GPAQ-Actigraph) as value for the closeness of agreement of both methods. Additionally, participants' self-reports were classified as overestimation, underestimation, or realistic estimation when those values were higher than, lower than, or agreeing with the accelerometer data.
To identify independent variables associated with overestimation of moderate and vigorous physical activity, respectively, (question 2) as well as the underestimation of sedentary time (question 3), multiple linear regression models were calculated.
Overestimation of moderate physical activity was calculated by subtracting the objective moderate physical activity/day (measured by accelerometer) from the total moderate subjective moderate physical activity/day (measured by GPAQ). Overestimation of vigorous physical activity was calculated by subtracting the objective vigorous physical activity/day (measured by accelerometer) from the total vigorous subjective moderate physical activity/day (measured by GPAQ). Underestimation of sedentary time was calculated by subtracting the sedentary time/day (measured by accelerometer) from sedentary time/day measured by GPAQ.
To identify influencing factors on the overestimation of moderate and vigorous physical activity, respectively, the sample was restricted to participants that overestimated self-reported physical activity. To explore associated factors with the underestimation of sedentary time, the sample was restricted to participants that underestimated self-reported sedentary time. Two different models were calculated. In the first model (model 1), sociodemographic and anthropometric variables (age, sex, and body mass index) and the study group (healthy controls versus low back pain) were included.
In model 2, self-reported workplace physical activity (min/week), self-reported leisure time physical activity (min/week), self-reported transportation activity (min/week), and objective achievement of the World Health Organization's recommendations on health-enhancing physical activity (≥30 min physical activity/day versus <30 min physical activity/day) were additionally included.
The principal assumptions of linear regression were tested. In all regression models, participants with missing values in dependent or independent variables were excluded.
For all statistical tests, significance level was set at < 0.05. All analyses were run with IBM SPSS Statistics 22.
Results
Informed consent was given by 80 participants who were assessed for eligibility. Two participants were excluded from the analysis due to incomplete self-reported or accelerometer data. 78 types of data were analysed. Figure 2 shows the flow diagram illustrating the progress through the phases of the present study.
Sample Description.
Detailed sample description of the Make Move study (healthy controls) can be found in Rudolf et al. (2015) [30] .
The sample of the present evaluation included 53 healthy controls and 27 low back pain patients (see Table 1 ). Overall, 31 (40%) participants were female and the mean age was 30.7 (±15.3) years. The low back pain patients and healthy controls had statistically significant difference in age ( < 0.001) and body mass index ( < 0.001). In average, the healthy controls were significantly younger and showed a lower body mass index.
Descriptive Results on Subjective and Objective Physical
Activity. Table 2 shows the descriptive results on objective and self-reported physical activity. The significance values on differences between the two groups as well as between the objective and self-reported physical activity data are presented. In low back pain patients and healthy controls both, objective and self-reported daily sedentary time was much higher than objective and self-reported moderate and vigorous physical activity. In regard to self-reported sedentary time (healthy controls: 528 (±196); low back pain: 298 (±160); < 0.001) and objective vigorous physical activity (healthy controls: 2 (±2); low back pain: 1 (±3); = 0.030), statistically significant group differences between the healthy controls and the low back pain patients could be proved. Though the objective data indicated no group differences (healthy controls: 591 (±108); low back pain: 547 (±85); = 0.153), low back pain patients (298 min/day) reported statistically significant lower sedentary time than healthy controls (528 min/day) ( < 0.001).
In healthy controls as well as low back pain patients, the objective and self-reported physical activity data were statistically significantly different in vigorous physical activity and sedentary time. Thereby, self-reported physical activity was significantly higher and self-reported sedentary time was statistically significantly lower than the accelerometer assessed data. Solely self-reported and objective data of moderate physical activity in healthy controls showed no difference ( = 0.153). Regarding the total sample, participants overestimated self-reported moderate activity ( = 0.003) and vigorous activity ( < 0.001). Self-reported sedentary time was significantly underestimated ( < 0.001) ( Table 2 ).
Closeness of Agreement of Self-Reported and Objective
Physical Activity. Figure 3 illustrates the closeness of agreement for the physical activity data for the total sample. In terms of moderate and vigorous physical activity as well as sedentary time, the plots showed a high range for the limit of agreement (see Figure 3 ) and statistically significant misperception (see Table 2 ).
Sedentary time showed the highest range for the limits of agreement (−503 min/day to 258 min/day) and therefore lower closeness of agreement between self-reported and objective data than moderate (−138 min/day to 222 min/day) and vigorous physical activity (−83 min/day to 161 min/day).
The Bland-Altman plots on the closeness agreement in moderate and vigorous physical activity showed a slight trend towards a closer agreement in higher objective physical activity as difference values get closer to zero (see Figure 3) . Table 3 shows the number of participants, over-and underestimating physical activity or sedentary time. While sedentary time was underestimated by most of the low back pain patients ( = 21; 84%) and the healthy controls ( = 35; 66%), moderate and vigorous physical activity were overestimated in most cases. Solely vigorous physical activity was estimated correctly by 15 participants (low back pain: = 6; 24%; healthy controls: = 9; 17%).
Influencing Factors on the Overestimation of Moderate and Vigorous Physical Activity.
Neither the individual-related variables (age, sex, and body mass index) nor the study group (healthy controls versus low back pain) showed an association with the overestimation of moderate or vigorous physical activity in model 1 and model 2. Explained variation of model 1 (moderate: 2 = 0.069; vigorous: 2 = 0.004) increased to 82% (moderate physical activity) and 78% (vigorous physical activity), when selfreported physical activity data in different areas of life were included (model 2). Thereby, higher self-perceived physical activity at the workplace and during leisure time led to an increase in overestimation of moderate (see Table 4 ) as well as vigorous physical activity (see Table 5 ).
Influencing Factors on the Underestimation of Sedentary
Time. In line with the overestimation of moderate and vigorous physical activity, individual-related variables (age, sex, and body mass index) were not associated with the underestimation of sedentary time. However, an association with the study group could be proved (see Table 6 ). Sedentary time was underestimated in both study groups (see Table 2 ) and the adjusted regression models 1 and 2 showed that low back pain patients underestimated sedentary time more than healthy controls.
In contrast to the overestimation of moderate and vigorous physical activity, self-perceived physical activity at the workplace and during leisure time did not contribute to a higher explanation of variance of the underestimation of sedentary time (see Table 6 ).
Discussion
The aim of this study was to explore the closeness of agreement between self-reported and objective physical activity. Associated factors with the overestimation of physical activity and the underestimation of sedentary time in low back pain patients and healthy controls were identified.
Our results showed that sedentary time was significantly underestimated and vigorous physical activity was 8 BioMed Research International (2011) pointed out that low back pain patients appeared to have more problems in estimating their activity levels compared to healthy controls. Hence, this study did not focus on sedentary time specifically [15] .
Contrary to other studies that had been identifying an association of age [16, [31] [32] [33] , sex [16, 32, 34] , and body mass index [16, 32, 34, 35] , the present results could not prove an influence of age, body mass index, and sex on the closeness of agreement between self-reported and objective physical activity.
As the anthropometric characteristics obtained in the present study did not contribute to explaining the overestimation of physical activity, the assumption arises that misperception of physical activity might mainly be due to the questionnaire used. By additionally including self-perceived physical activity in the regression model 2 and its related strong increase of the variance explanation, the present results underline the important challenge of measuring selfreported physical activity precisely [7, 36] .
Self-assessment of physical activity depends on the accurate recall of the intensity, frequency, and duration of physical activity episodes [16] . In our study, participants filled out the GPAQ, an established questionnaire recommended from the World Health Organization [19] . The GPAQ assesses physical activity differentiated for the area of life (workplace, leisure time, and transportation) and the intensity (moderate, vigorous). For each area of life and each intensity, in a first question, the GPAQ asks dichotomously if physical activity is performed (yes/no). If the answer is yes, the subsequent second question asks for the number of days per week on which physical activity is performed (categorical; Likert scale from 1 to 7). Finally, the third question assesses the average hours and minutes per day performed (open question; interval scaled).
According to the present results, the GPAQ seems not to be valid in measuring the duration of physical activity as the degree of overestimation was associated with higher self-reported physical activity. Further research is needed to identify whether the GPAQ, or comparable questionnaires, might systematically overestimate physical activity by asking an open question on the duration of physical activity per day. This assumption is supported by Olsson et al. (2016) who point out that questions in the categorical mode provide stronger validity than open questions [5] . In consequence, questionnaires like the GPAQ might be appropriate to assess precisely if physical activity in a certain area of life is performed at all and how often per week.
Besides the construction of the questionnaire, it needs to be taken into account that the requirement of a realistic participant's self-perception of the duration and intensity of physical activity is a main challenge in the use of questionnaires [7] . Self-reported data especially from persons with low movement experience have to be interpreted very cautiously. Altschuler et al. (2009) indicate that assessing the intensity of physical activity by asking questions about an increase in breathing or pulse rate, as done in the GPAQ, offers a large margin of interpretation. In consequence, persons with low fitness level tend to overestimate the objective intensity of physical activity [37] . The present results tend to support this assumption. Though not significant, persons not achieving the World Health Organization's recommendation on health-enhancing physical activity tend to overestimate moderate physical activity compared to persons achieving WHO recommendations. Further studies should examine to what extent inactive persons and persons with low movement experience are able to differentiate between moderate and vigorous intensity of physical activity.
Though current self-report questionnaires may provide an approximation of physical activity at a population level, they may not be appropriate to assess precisely the intensity and duration of physical activity [38] .
Also from a practical perspective, the awareness of one's own physical activity is an indispensable requirement regarding the individual's motivation to participate in a physical activity promotion program and realistic goal setting [39, 40] . The extent to how a person perceives his or her behavior is predictor of achieving behavioral change. So, the existence of a gap between what people think to do and what is actually done is an important aspect in rehabilitation as well as health promotion. Although it certainly is circular reasoning, whether the lack of precision of questionnaires measuring physical activity might be a consequence of the instrument's validity or the respondent's self-awareness, the present study supports the need for developing self-report instruments supporting self-awareness of physical activity.
The present study has several limitations. First, the merged sample of two different main studies needs to be mentioned. However, we cannot exclude study related effects like a self-selection bias. As participants in a physical activity intervention trial are likely to have had more interest in physical activity than nonparticipant, the results could show a higher closeness of agreement than in the general population.
It certainly would have been preferable to include more anthropometric and sociodemographic variables to explore the association with overestimation. This was not possible because of the integration of two different main studies. Besides, the cross-sectional design precludes the establishment of causality.
Another limitation remains regarding the small sample size of this study and the unequally numbered groups. In our opinion, it seems important to replicate the study with a larger group of participants.
Finally, the algorithms used for the processing of the Actigraph's raw data obviously influence the results. The use of other algorithms with lower cut-points for the classification of moderate and vigorous physical activity may result in smaller deviations and, hence, in differing results.
Despite the limitations mentioned, the present study has several strengths and therefore contributes substantially to the challenge of measuring physical activity in applied researches. As many studies already showed the lack of agreement between self-report and objective measure, the present study went beyond and focused on the degree of overestimation.
Moreover, the present evaluation asserts the degree of deviation by the Bland-Altman method whereas many studies only used a correlation coefficient to test the association between self-report and objective measures. The consideration of different target groups in physical activity promotion was another strength of the study as it gave us the opportunity to compare low back pain patients with healthy controls.
Conclusion
In rehabilitation and health promotion, the applicationoriented measurement of physical activity remains a widely recognized challenge. The present results showed no association between overestimation and individual-related factors but stressed the need of further research on the development of self-report instruments to assess physical activity. The question arises regarding whether the participants have enough experience and knowledge to classify and quantify their individual physical activity correctly.
